The right use of heat, electrical and mechanical energy in a thermal cogeneration process are the right ways to save energy, and their efficiency transformation method has been studied by many researchers last decade.
Introduction
Cogeneration is the production of two forms of energy -thermal energy plus electric or mechanical power-in one process system. The benefit of the combined production of heat and power results from the more efficient use of fuel because the total fuel required in a cogeneration system is less than the total fuel required to produce the same amount of power and heat in separated systems [1] . It helps the environment by reducing the emissions of greenhouse gases (GHG) [2] . In the last centuries, climate change in the world has alerted the scientific community because of the increase in the concentration of GHG in the atmosphere. Some researchers have concluded that the concentration of CO2 in the environment must be reduced from 385 ppm to 350 ppm to preserve the planet [3] .
Because of the energy crisis, the pollution, and the increase in the world population, there has been new attention in cogeneration for industrial and rural zones, and commercial buildings [4] . It has caused an increment in research about the different technologies used for cogeneration such as technologies based on biomass [5] , solar energy [6] , fuel cells [7] , and waste heat recovery [8] . Many countries committed to energy saving and the reduction of environmental pollution, such as China, Japan, the USA, Italy, and the UK, have increased their studies on this subject.
It is completely necessary to know the direction that the study of the new technologies on cogeneration is taking so that the researchers and the industries know where the possible stronger collaborators are with whom to be partners to make a fast advance since it is of great help for our environment and helps optimize fuel resources. In this study, it is obtained general information about the research around the world in such an important matter like cogeneration and is focused in a bibliometric analysis performed on the research from 2007 to 2017. Basic publication items, including journals, countries, authors, and citation scores were identified to describe the status of cogeneration. The investigation tendency helps researchers to know the direction of science in this topic and may impact about the new future investigations of different technologies to obtain clean energy.
Methodology
The documents used in this study were obtained from HistCite, which is a software package that contains a robust multidisciplinary database that uses metadata to perform bibliometric analysis to study several patterns of a specific field of study. The data used in this study was based on the SCI and SSCI database published by Thomson Reuters Web of Science. With the keywords cogeneration, combined energy, power, and heat it was obtained the research.
Results and discussion

Characteristic of publication output
Ten types of publications were found in a total of 869 during ten years. The type of publications "articles" presented 718 publications, being the most dominant with 83.4% of the total production published between 2007 and 2017." The 96.9% of the publications were written in English and 3.1% in other languages. The most common languages were German (1.3%), Polish (0.7%), Spanish (0.3%), Turkish (0.3%), Croatian (0.2%), Portuguese (0.1%) and Romanian (0.1%). 
Distribution of different journals
The top 5 most productive journals are presented in Table 1 with 319 publications about cogeneration. These five magazines cover 36.7% of the total number of publications. A high number of these papers were published in the first four journals. It is shown that the journals with the highest number of publications are "Energy" with 106 (12.2% of the total), and "Applied thermal engineering" with 68 publications (7.8%), see table 1. The other three relatively popular journals were "Energy conversion and management," "Applied energy," and "International journal of hydrogen energy." The total annual production of items of the four main journals constantly increased, see figure 2. Papers of these four journals cover the 33.5% of the total number of items in this study during the past ten years.
With the 869 papers, it was obtained a total of 9465 TGCS. The journal energy obtained 18.1% of the total number of citations and the journal thermal engineering applied 12.4%. Figure 2 shows that the journals "Energy" and "Applied thermal engineering" have increased their rates of annual growth by 5% and 5.5% respectively in the past five years. In the year 2016, the journal 'Energy' had remarkable growth in its number of publications, publishing 16 articles about energy cogeneration, being the largest number of publications in a single year over the ten years. The journal "Energy" has not only the highest number of citations throughout this study, but also it has the papers with highest the quality.
Authors productivity
It was analyzed the productivity of authors from 2007 to 2017. Table 2 , shows the list of the top 5 most productive authors from a total 2005 which have investigated Cogeneration. Yokoyama from Japan is an expert on the subject which is evidenced by a large part of cogeneration-related articles with a total of 14 publications which is equivalent to 1.6 percent of the total of all items related to that topic.
He is followed by Amidpour, Beausoleil-Morrison, Wakui, and Wang all of them with 12. Although they are the authors that publish the most, they are not the most cited. Table 3 Figure 3 shows the international productivity and collaboration distributed by continents. It was found 30 countries with the highest productivity, being China, the largest contributor with 95 articles. It was followed by Italy (84) and United States (64). Figure 3 .a shows that in America, the USA was the country with more publications (64) followed by Canada (61) and Brazil (55). It is normal that the most developed country in the world has the highest number of publication in America. This country has a various Energy Application Centers distributed in some states to obtain all the necessary in technology and education to have "clean energy."
International collaboration and productivity
It can be seen in Figure 3b that the two most developed countries in Asia have the highest number of publication. China had the highest number of publications not only in Asia but also worldwide with about 10.9% of the total number of publications. Japan with 59 publications, has an important center named the Advanced Cogeneration and Energy Utilization Center JAPAN (ACEJ) focused on saving energy and reducing carbon dioxide emissions, with a capacity that exceeds 10.000 MW. Iran that is one of the biggest oil reserves in the world has 48 publications. India, the second country with the highest population in the world, counting with a high number of researchers, has 45 publications. 
Distribution of keywords
A statistical analysis of author keywords can be used to identify directions or research trends in science in the topic of cogeneration. Table 4 shows the five most used "keywords" for a total of 1677 in the period 2007 to 2017. Cogeneration was obviously the most frequently used keyword with a total of 868 (99.9% of the total articles), which is at the top of the list. There are four other highly used keywords like "System" referenced in 235 articles (27%), Power in 165 (19%), analysis 148 (17%), and energy 147 (16.9%). Regarding this table, it can be seen that the majority of the articles make emphasis on cogeneration systems, addressing the theme to the new technology used to create clean energy. One of the most important components of this research was the productivity of authors. R. Yokoyama from Japan published a total of 14 publications, which is equivalent to 1.6 percent of the total of all items related to the topic cogeneration. M. Amidpour from Iran, Ian Beausoleil-Morrison from Canada, Tetsuya Wakui from Japan, and Ruzhu Wang from China, all of them, published 12 articles.
Conclusion
In the other hand, the author with the highest TGCS is Pierluigi Mancarella from the University of Manchester resulting in 57 citations per article approximately. He was followed by Gianfranco Chicco from Politecnico di Torino, Italy (TGCS 359) resulting in an index of approximately 60 citations per article, becoming the best author in quality of the papers. China with 95 articles, had the highest number of publications not only in Asia but also worldwide with about 10.9% of the total number of publications. It was followed by Italy (84), the USA (64), and Canada (61).
